J 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



II 



® 



0 Publication number: 
EUROPEAN PATENT APPLICATION 



0 506 083 A1 



\^ Appiicaiion ntiiTiuor. 9&iuoou/>u 


6^ int CI 5. F01N 3/02 


S\ natn nf filinn* 27 03.92 

UalXS \Jl llllll^* aVv^^C* 




^30^ Prinritv' OQ 03 Qi JP 66399/91 


Yamatokonvaina-shi Nara-lcen/JP) 




Inx/pntnr' Kii^unoki Shineru 

IIIVvllLwl* IXW w VI 1 1 wf\l| %^III^VIvl 


@ Date of publication of application: 


89-4, Yatayama-clio 




TarnaiORoriyarna-oriij neiia-i\ernur / 




Inventor: Yoshino, Kojl 


@ Designated Contracting States: 


B-307 Tsutsui-so, 393, Matsukasa-cho 


DE FR GB IT SE 


Yamatol(orlyama-shi, Nara-ken(JP) 




Inventor: Kashimoto, Taloshi 


© Applicant: MATSUSHITA ELECTRIC 


65-3, Hokkejihlgashi-machi 


INDUSTRIAL CO., LTD. 


Nara-shi, Nara-ken(JP) 


1006, Ohaza Kadoma 




Kadoma-siil, Osal(a 571 (JP) 


0 Representative: Schwabe - Sandniair - iWarx 




@ Inventor: Nobue, Tomotaica 


Stuntzstrasse 16 


589-7, Imago-cho 


W-8000 Munchen 80(DE) 



@ A filter regenerating apparatus for an Internal combustion engine. 



@ An apparatus for regenerating a filter (10) pro- 
vided to scavenge particulate which is included in 
exhaust gas discharged from an internal combustion 
engine (7). The apparatus includes a heating room 
(9) accommodating the filter (10), a heat-combusting 
device for heat-combusting the particulate scav- 
enged by the filter (10), a microwave generating 

Fig. 1 



device (12) for generating a microwave to be sup- 
plied to the heating room, a slit (13) provided in a 
wall of the heating room (9), a microwave detecting 
device (14) for detecting the energy level of the 
microwave coupled through the slit (13), and a con- 
trol section (15) for controlling the heat-combusting 
device. 
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BACKGROUND OF THE INVENTION 

1. Reld of the Invention: 

The present invention relates to a filter regen- 
erating apparatus for an internal combustion en- 
gine, and In particular, for regenerating a filter 
provided to scavenge a particulate included in ex- 
haust gas discharged from an internal combustion 
engine. More particularly, the present invention re- 
lates to a filter regenerating apparatus equipped 
with an improved detecting device for detecting an 
amount of the particulate scavenged by the filter 
utilizing an electric wave. 

2. Description of the Prior Art: 

In the field of the global environmental con- 
servation, how to deal with the global warming and 
how to reduce the amount of CO2 in the atmo- 
sphere is a matter of the primary importance today. 
Moreover, how to reduce acid rain which is de- 
stroying forests is an equally critical subject. 

Acid rain is a natural phenomenon caused by 
the air polluted by the chemicals such as sulfur 
oxide and nitrogen oxide. Recently, the controls 
over discharge of these polluting chemicals have 
been tightened worldwide both for fixed sources 
(handled by the co-generation system) and mobile 
sources such as vehicles. Special attention has 
been paid to the exhaust gas from vehicles, which 
is subjected to density controls. Most notably, it is 
now being discussed whether to replace the 
present density controls with amount controls. In 
addition, the limits are also planned to be greatly 
lowered. 

Among vehicles, the one using an internal 
combustion engine is the subject of some of the 
more stringent restrictions. More strict regulations 
are being considered for exhaust particulate as well 
as for nitrogen oxides. In the past, the polluting 
chemicals included in the exhaust gas have been 
reduced by an improved combustion method of, for 
example, delaying the fuel injection time. However, 
such a method is considered to be insufficient to 
achieve the goal of global environmental conserva- 
tion. 

Therefore, it is required today to attach an after 
treatment device for the exhaust gas. The after 
treatment device Includes a filter for scavenging 
the particulate. However, if the particulate is scav- 
enged to the full capacity of the filter, the filter 
soon becomes clogged. Accordingly, the scaven- 
ging capability of the filter is lowered and a smooth 
flow of the exhaust gas is prevented. As a result, 
the engine output is significantly reduced or stop- 
ped. 

Under these circumstances, technological ef- 



forts to regenerate the filter have been made world- 
wide. However, none of these efforts have been put 
into practical use. 

It is known that the particulate is combusted at 

5 a temperature of 600 'C or higher. As a medium 
for generating energy to heat the particulate to 
such a high temperature, a burner, an electric 
heater, a microwave and the like have been consid- 
ered. Whichever the medium is used, an amount of 

10 the particulate scavenged by the filter must be 
detected in order to efficiently regenerate the filter. 

A method for detecting the amount of the par- 
ticulate using an electric wave is disclosed in Unit- 
ed States Pat. No. 4.477.771. Figure 6 in the 

75 present application shows an apparatus disclosed 
in the above patent. The apparatus includes an 
exhaust pipe 1 through which an exhaust gas dis- 
charged by the internal combustion engine is 
flowed, a heating room 2 provided in a portion of 

20 the exhaust pipe 1, a filter 3 accommodated in the 
heating room 2 so as to scavenge exhaust par- 
ticulate, a microwave generating device 4 for gen- 
erating a microwave to be supplied to the heating 
room 2, a microwave supplying antenna 5 for ra- 

25 diating the microwave generated by the microwave 
generating device 4 in the heating room 2. and a 
microwave detecting antenna 6 for detecting the 
energy level of the microwave returned from the 
heating room 2 through the filter 3. The amount of 

30 the particulate scavenged by the filter will be re- 
ferred to herein simply as the "particulate amount". 

In the above construction, as the particulate 
amount is increased, the effective dielectric factor 
is changed. Accordingly, a resonant condition of 

35 the microwave in the heating room 2 is changed. 
The change in the resonant condition is monitored 
based on a change in transmission characteristics 
of the microwave, and thus the particulate amount 
is detected. 

40 Such a conventional apparatus still has 

drawbacks associated with detecting the particulate 
amount, and with the construction which prevent a 
highly precise detection of the particulate amount. 
The biggest problem is attributed to the character- 

45 istics of the particulate with respect to the micro- 
wave. The main component of the particulate is 
carbon. The aforementioned patent employs a prin- 
ciple utilizing only static characteristics of the filter. 
In other words, the particulate amount is detected 

50 simply based on a change of the dielectric factor of 
a space including the filter. As the particulate 
amount is increased, the effective dielectric factor 
of the above space is increased. The dielectric loss 
of the above space is also increased because the 

55 particulate absorbs the microwave. Accordingly, the 
microwave in the heating room 2 is concentrated in 
the above space. The change of the effective di- 
electric factor and the dielectric loss of the filter 
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also increases the energy level of the microwave 
stored in the filter 3. 

Since the filter 3 Is interposed between the 
microwave supplying antenna 5 and the microwave 
detecting antenna 6. the level of a signal detected 
by the microwave detecting antenna 6 is changed 
in a complicated manner in accordance with the 
change of the microwave distribution and the en- 
ergy level of the microwave stored in the filter 3. 
Due to the complicated change of the level of the 
signal, it is difficult to detect the particulate amount 
with sufficient precision to determine the appro- 
priate timing to heat-combust the particulate for 
filter regeneration. 

Another problem associated with the conven- 
tional apparatus is that the microwave detecting 
antenna 6 is disposed in the heating room 2. With 
such a construction, it is difficult to provide the 
microwave detecting antenna 6 and related periph- 
eral devices with sufficient protection from the heat 
generated for combusting the particulate. Further, 
the particulate accumulates in the vicinity of the 
microwave detecting antenna 6, thereby preventing 
stable detecting precision. As a result, a highly 
reliable detecting antenna 6 cannot be realized. 

SUMMARY OF THE INVENTION 

An objective of the present invention is to pro- 
vide a filter regenerating device for an internal 
combustion engine, which detects an amount of a 
particulate scavenged by a filter with high preci- 
sion. 

Another objective of the present invention is to 
provide a filter regenerating device for an internal 
combustion engine which includes a detecting de- 
vice having reliable durability. 

Still another object of the present invention is 
to provide a filter regenerating device for an inter- 
nal combustion engine, in which a particulate 
scavenging capacity can be maintained at a high 
level for a long period of time. 

The filter regenerating apparatus for an internal 
combustion engine of this invention, which over- 
comes the above-discussed and numerous other 
disadvantages and deficiencies of the prior art. 
includes a heating room provided in an exhaust 
pipe for discharging an exhaust gas from the inter- 
nal combustion engine: a filter, accommodated in 
the heating room, for scavenging particulate in- 
cluded in the exhaust gas; a heat-combusting de- 
vice for heat-combusting the particulate: a micro- 
wave generating device for generating a microwave 
to be supplied to the heating room; a particulate 
amount detecting device for detecting an increase 
of an amount of the particulate scavenged by the 
filter: and a control section for controlling the heat- 
combusting device based on a detection signal of 
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the particulate amount detecting device. The par- 
ticulate amount detecting device includes a micro- 
wave detecting device for detecting a change of an 
amount of a surface current generated on a wall of 
5 the heating room by the microwave. 

Alternatively, the filter regenerating device for 
an internal combustion engine includes a heating 
room provided in an exhaust pipe for discharging 
an exhaust gas of the internal combustion engine; a 
70 filter, accommodated in the heating room, for 
scavenging particulate included in the exhaust gas; 
a microwave generating device for generating a 
microwave, which is supplied to the heating room 
and thus heats the particulate due to the dielectric 
75 loss of the particulate: an air supplying device for 
supplying air for promoting a combustion of the 
particulate; a particulate amount detecting device 
for detecting an amount of the particulate scav- 
enged by the filter; and a control section for con- 
20 trolling the microwave generating device and the 
air supplying device based on a detection signal of 
the particulate amount detecting device. The par- 
ticulate amount detecting device includes a micro- 
wave detecting device for detecting a change of an 
25 amount of a surface current generated on a wall of 
the heating room by the microwave. 

In a preferred embodiment of the invention, the 
particulate amount detecting device includes a slit 
in the wall of the heating room and an antenna 
30 provided outside the heating room in the vicinity of 
the slit, and the antenna detects the change of the 
amount of the surface current based on a detected 
energy level of the microwave. 

In a preferred embodiment of the invention, the 
35 microwave detecting device is equipped with a 
detecting circuit for converting the energy level of 
the microwave detected by the antenna into a DC 
voltage. 

In a preferred embodiment of the invention, the 

40 wall of the heating room has the slit in an area 
opposed to the filter. 

In a preferred embodiment of the invention, the 
microwave generated by the microwave generating 
device has a frequency in the ISM frequency band. 

45 Alternatively, the filter regenerating device for 

an internal combustion engine includes a heating 
room provided in an exhaust pipe for discharging 
an exhaust gas of the internal combustion engine; a 
filter, accommodated in the heating room, for 

50 scavenging particulate included in the exhaust gas; 
a microwave generating device for generating a 
microwave, which is supplied to the heating room 
and thus heats the particulate due to the dielectric 
loss of the particulate; a particulate amount detect- 

55 ing device for detecting an amount of the par- 
ticulate scavenged by the filter: and a control sec- 
tion for controlling the microwave generating device 
based on a detection signal of the particulate 
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amount detecting device. The particulate amount 
detecting device includes a slit in the wall of the 
heating room and an antenna provided outside the 
heating room in the vicinity of the slit. 

The filter regenerating apparatus having the 
above construction operates according to the fol- 
lowing principles. 

When the particulate amount is increased, the 
effective dielectric factor and the dielectric loss of 
the filter are increased. Therefore, a higher level of 
the microwave energy is stored In a space includ- 
ing the filter as compared to the space not Includ- 
ing the filter. 

The above change of the effective dielectric 
factor and the dielectric loss of the filter also varies 
the distribution of the microwave in the heating 
room. 

A surface current is distributed on the wall of 
the heating room as a function of the microwave 
distribution. In the case when the wall has the slit 
for cutting off the surface current, an electromag- 
netic field is coupled outside the heating room 
through the slit. The energy level of the elec- 
tromagnetic field coupled through the gilt changes 
in accordance with a change of the microwave 
distribution in the heating room and the surface 
current distribution. The particulate amount is de- 
tected based on a degree of such change. 

In the case when the microwave is used for 
heating the particulate and for detecting the par- 
ticulate amount, the microwave supplying device Is 
constructed so that a maximum level of microwave 
energy is provided to the heating room in a pre- 
determined range of the particulate amount. Such a 
construction is realized by the use of the general 
load matching technology. 

With the microwave supplying device con- 
structed as Is mentioned above, as the particulate 
amount is increased toward the predetermined 
amount, the energy level of the microwave sup- 
plied to the heating room from the microwave sup- 
plying device Is Increased. Such a microwave is 
used for detecting the particulate amount. 

However, the energy level of the microwave in 
the space not including the filter is not increased in 
proportion to the energy level of the microwave 
supplied to the heating room since the energy of 
microwave is concentrated in the space Including 
the filter as the effective dielectric factor and the 
dielectric loss increase. 

In this case also, the energy level of the micro- 
wave is detected based on a degree of the change 
of the microwave distribution in the heating room 
and the surface current distribution. Since the par- 
ticulate is selectively heated in accordance with the 
increase of the dielectric loss of the filter, it is 
desirable to execute the detection In a short period 
of time. 



According to the above construction, a change 
of surface current distribution corresponding to the 
microwave distribution In the heating room and a 
change of the energy level of the electromagnetic 

5 field coupled through the slit are comprehensively 
detected. Moreover, owing to the slit made for 
detecting the change of the energy level of the 
electromagnetic field in a wider area, even a small 
change of the energy level of the electromagnetic 

70 field in the vicinity of the slit can be detected. 
These two facts remarkably enhance the detecting 
precision. 

The detecting device is provided outside the 
heating room. Accordingly, the detecting device Is 

75 protected from excessive heat, and as a result, 
durability of the apparatus is improved. Further, the 
accumulation of the particulate in the vicinity of the 
detecting device can be avoided to realize higher 
detection accuracy. The slit, which is provided on 

20 the wall supporting the filter, is segregated from the 
exhaust gas flow. Therefore, the exhaust gas is 
prevented from flowing out through the slit. 

Since the particulate amount Is detected based 
on the comprehensive information relating to the 

25 heating room, the heating room can be constructed 
in an optimum way in accordance with the filter 
structure regardless of the resonant condition off 
the microwave in the frequency band thereof. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

This Invention may be better understood and 
its numerous objects and advantages will become 
apparent to those skilled in art by reference to the 
35 accompanying drawings as follows: 

Figure 1 Is a schematic view of a filter regener- 
ating apparatus for an internal combustion en- 
gine according to an example of the present 
invention. 

40 Figure 2 is a view Illustrating a principle of 
detecting a microwave in accordance with the 
present invention. 

Figure 3 Is a schematic view of a detecting 
circuit In accordance with the present invention. 

45 Figure 4 is an equivalent circuit diagram of the 
detecting circuit shown in Figure 3 In accor- 
dance with the present Invention. 
Figure 5 is a schematic view of a filter regener- 
ating apparatus for an internal combustion en- 

50 gine according to another example of the 
present invention. 

Figure 6 is a view illustrating a construction a 
conventional filter regenerating apparatus for an 
internal combustion engine. 

55 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



The present invention will be described by way 
of illustrating embodiments with reference to the 
accompanying drawings. 

Figure 1 shows an exemplary example of a 
fitter regenerating apparatus according to the 
present invention. In Figure 1. the filter regenerat- 
ing apparatus includes a heating room 9 disposed 
in a portion of an exhaust pipe 8, and a filter 10 
which is accommodated in the heating room 9, An 
exhaust gas discharged from an Internal combus- 
tion engine 7 flows through the exhaust pipe. 8 and 
through the filter 10. and is discharged through a 
muffler 1 1 . While the exhaust gas flows through the 
filter 10, the filter 10 scavenges the particulate 
included in the exhaust gas. A microwave for heat- 
ing the particulate scavenged by the filter 10 is 
generated by a microwave generating device 12 
and is fed to the heating room 9 by way of a 
feeding slit 33 located at a position downstream of 
the filter 10 relative to the flow of the exhaust gas. 
The microwave generating device 12 is controlled 
to feed the microwave in a predetermined time 
cycle (the time when the engine is not driven is 
excluded). A wall 35 of the heating room 9 has a 
slit 13 on an appropriate portion thereof, the wall 35 
being opposed to an outer surface of the filter 10. 
The slit 13 is positioned to cut off a surface current 
36 (Figure 2) flowing on the wall 35, the surface 
current 36 being derived in accordance with the 
distribution of the microwave formed in the heating 
room 9. Provided outside the heating room 9 and 
in the vicinity of the slit 13 is a microwave detect- 
ing device 14. The microwave detecting device 14 
is used for detecting an energy level of the micro- 
wave which is coupled through the slit 13 and for 
providing a signal to a control section 15 repre- 
sentative of such energy level. 

In accordance with an increase of the amount 
of the particulate scavenged by the filter 10, the 
effective dielectric factor and the dielectric loss of 
the filter 10 increase. Accordingly, the microwave 
energy becomes concentrated in a space including 
the filter 10. and the distribution of the microwave 
in the whole heating room 9 is changed. 

During the above operation cycle of the micro- 
wave generating device 12, the microwave detect- 
ing device 14 detects the energy level of the mi- 
crowave which is coupled through the slit 13. 

The level of the signal obtained by the micro- 
wave detecting device 14 is periodically compared 
with a reference level stored in the control section 
15. Each time the level of the signal reaches the 
reference level, the control section 15 controls the 
regeneration of the filter 10 using an air and gas 
passing system described as follows. 

As is shown in Figure 1. an exhaust pipe 16 
having no filter is provided in parallel with the 
exhaust pipe 8 having the filter 10. The exhaust 
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pipe 8 has a valve 17 downstream of the filter 10, 
and the exhaust pipe 16 has a valve 18. The valves 
17 and 18 are provided for controllably passing or 
blocking the exhaust gas. An air supply device 19 

5 includes a compressor or an air blower (not shown) 
and an air passing tube 20 are provided for send- 
ing air to the exhaust pipe 8 between the filter 10 
and the valve 17. The air passing cube 20 has an 
air valve 21 for controllably passing or blocking the 

10 air. The valves 17, 18 and 21 are opened or closed 
by controlling a vacuum pump 22 in combination 
with cross valves 26. 27 and 28 provided in the 
middle of vacuum tubes 23, 24 and 25. 

The air and gas passing system having the 

75 above construction is operated in the following way 
each time the level of the signal reaches the refer- 
ence one. First, the valve 18 is opened and the 
valve 17 is closed, whereby the exhaust gas is 
flowed through the exhaust cube 16 and dis- 

20 charged to the outside air through the muffler 11. 
During this time, the air valve 21 is closed. Then, 
the microwave generating device 12 is driven by a 
driving power source 29 so that the microwave is 
supplied to the heating room 9. After a predeter- 

25 mined time, the air valve 21 is opened, and si- 
multaneously the air supply device 19 is driven by 
the driving power source 29 so that air is sent to 
the exhaust pipe 8. After a predetermined time, the 
microwave generating device 12 is stopped, and 

30 after another predetermined time, the air supply 
device 19 is stopped and the air valve 21 is closed. 
Thereafter, the valve 17 is opened and the valve 18 
is closed, thereby allowing the exhaust gas to pass 
through the filter 10. Thus, the particulate is again 

35 scavenged by the filter 10. 

The heating room 9 is defined by microwave 
blocking devices 30 and 31 having a honeycomb 
shape or formed of a punched plate, for example. 
The microwave generated by the microwave gen- 

40 erating device 12 is supplied to the heating room 9 
through a microwave transmitting device 32 includ- 
ing a rectangular waveguide tube and a feeding slit 
33 on the wall 35. The feeding slit 33 is covered 
with a plate (not shown) having a low dielectric 

45 loss. The filter 10 is supported by the walls of the 
heating room, with a heat insulating materials 34 
being interposed between the filter 10 and each 
wall. 

In this construction, when the microwave is 
50 supplied to the heating room 9, a particular micro- 
wave distribution corresponding to the particulate 
amount is generated in the heating room 9. As the 
particulate amount increases, the wavelength of the 
microwave in the filter 10 is compressed by the 
55 increased dielectric loss. As a result, the micro- 
wave distribution is changed, and a distribution of 
the surface current 36 on the wall 35 is changed 
accordingly. 



9 



P 0 506.083 A1 



10 



As the particulate amount is increased, an in- 
creased energy level of the microwave is stored in 
the filter 10 acting as a dielectric material. Further, 
the microwave selectively provides an energy 
thereof to the particulate scavenged by the filter 10 
due to the higher values of dielectric loss coeffi- 
cient of the particulate. In the case that such an 
energy is high, the particulate can be heated to a 
specified temperature within a short period of time. 

Due to the change of the dielectric factor and 
the dielectric loss, the distribution of the surface 
current 36 on the wall 35 is changed. 

Figure 2 illustrates the electromagnetic field 
characteristics in the vicinity of the slit 13 and also 
illustrates the principle of detecting the energy lev- 
el of the microwave. As is mentioned above, the slit 
13 cuts off the surface current 36 generated on the 
wall 35. Due to the characteristics of the surface 
current 36, an electromagnetic field is coupled or 
"leaked" outside the heating room 9 (upper side in 
Figure 2) through the slit 13 having an appropriate 
size. 

An antenna 37 constituting the microwave de- 
tecting device 14 is provided in such a position as 
to receive the electromagnetic field coupled 
through the slit 13. While a conventional linear 
receiving antenna inserted into a heating room only 
provides information on a local electromagnetic 
field, the antenna 37 provides information with re- 
spect to a wider area of the electromagnetic field. 
Therefore, the microwave characteristics of the 
whole heating room 9 can be detected with high 
precision by the antenna 37. 

Since the microwave detecting device 14 is 
provided outside of the heating roam 9, the detect- 
ing device 14 has sufficient isolation from the heat, 
and an accumulation of the particulate in the vi- 
cinity of the detecting device 14 can be avoided. 

Owing to the above principle of detecting the 
change of the surface current distribution on the 
wall 35 of the heating room 9 by the detecting 
device 14 disposed outside of the heating room 9. 
the heating room 9 can be constructed in an opti- 
mum way corresponding to the filter structure re- 
gardless of the resonant condition of the microwave 
In the frequency band thereof. 

In the event that a microwave having a fre- 
quency in the ISM frequency band (allocated to 
industry, science and medicine; for example, 915 
MHz, 2450 MHz and 5800 MHz) is used to heat the 
particulate, the particulate amount can be detected 
by an output of the same microwave. 

The energy level of the microwave detected by 
the antenna 37 is converted into a DC voltage by a 
detecting circuit 41 so as to be easily handled as a 
control signal. Figure 3 shows an example of the 
detecting circuit 41 including a Schottky-barrier di- 
ode 40. The broken line indicates a circuit pattern 



on a rear surface of a printed circuit board 38. This 
pattern constitutes the antenna 37. The microwave 
energy received by the antenna 37 is introduced 
into the detecting circuit 41 through a throughhole 

5 39. converted into a DC voltage by the detecting 
circuit 41, and is sent to the control section 15 
through leads 42 and 43. 

The operation of the detecting circuit 41 will be 
described with reference to Figure 4. The detecting 

10 circuit 41 is designed so that microstrips Lb 44 and 
U 45 have an Infinite impedance and that a micro- 
strip Cs 46 has an impedance of 0 in the center 
frequency of the microwave sent from the antenna 
37. 

75 Owing to such a characteristic of the microstrip 

Cs 46, the microwave received by the antenna 37 
is grounded through a resistance Rq 47 and the 
Schottky-barrier diode 40. At this point, the fonward 
current (flowing to the right in Figure 4) rectified by 

20 the Schottky-barrier diode 40 is provided to a load 
resistance Rl 48 as a direct current. The same 
current flows to a resistance Rb 49 to form a 
closed loop of the direct current. A half-wave recti- 
fied waveform of the current flowed to the load 

25 resistance Rl 48 is smoothed by a resistance Rh 
50 and a capacitor Cl 51 , and the above current is 
output through the leads 42 and 43. 

The overall operation of the filter regenerating 
apparatus having the above construction will now 

30 be described. 

When the microwave is supplied to the heating 
room 9 accommodating the filter 10, the particulate 
scavenged by the filter 10 starts to be heated. At 
this point, since almost no air or no exhaust gas is 

35 allowed to pass through the filter 10, the particulate 
scattered in the whole filter 10 is effectively heated 
by the microwave without being cooled by an ac- 
tive air flow in the filter 10, thereby obtaining a 
temperature of a range in which the particulate can 

40 be combusted (hereinafter, referred to as "a tem- 
perature of the combustion range"). 

After a predetermined period of time, the air for 
promoting the combustion of the particulate is sup- 
plied to the heating room 9 from the air supply 

45 device 19. The above predetermined period of time 
is selected based on the energy level of the micro- 
wave supplied to the heating room 9, the predeter- 
mined area for scavenging the particulate, and the 
like. 

50 The amount of the air supplied to the filter 10 

can be controlled. For example, the initial amount 
of the air is controlled to be appropriate to promote 
the combustion of the particulate but restrict the 
area in which combustion occurs (hereinafter, re- 

55 ferred to as the "combustion area") from spreading 
in the air flow direction. 

It is possible that such a control undesirably 
prevents the temperature from rising in an area of 
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the filter 10 where the particulate is not yet heated 
to a temperature of the combustion range. On the 
other hand, such a control has an effect of avoiding 
a temperature decline in the area, by supplying the 
air in an extremely low amount. 

In the event that the particulate is heated to a 
temperature of the combustion range, the air pro- 
motes the combustion. Accordingly, the heat gen- 
erated by the combustion is added to the heat 
generated by the microwave, and the combined 
heat is transmitted in the filter 10. thereby enlarg- 
ing the combustion area. 

Thereafter, the amount of the air is increased, 
thereby moving the combustion area in a longitudi- 
nal direction of the filter 10 (in the flowing direction 
of the exhaust gas). This movement continues for a 
predetermined period of time until the filter 10 is 
regenerated. 

While the amount of the air is increased, the 
supply of the microwave can be stopped after an 
appropriate period of time. The time to stop the 
supply is controlled by a predetermined time or 
based on the signal obtained by the microwave 
detecting device 14. Then, after an appropriate 
time, the supply of the air is stopped. Although the 
supply of the microwave may be stopped simulta- 
neously with, or earlier than, the stop of the supply 
of the air, the regeneration of the filter 10 is usually 
completed by keeping the supply of the air for a 
predetermined period of time after the supply of 
the microwave is stopped. 

The predetermined time may be determined 
by the use of a device for detecting a degree of 
the regeneration, for example, the temperature of 
an exhaust heat obtained by the combustion. 

When the filter 10 regeneration is completed 
by the above operation, the exhaust gas is allowed 
to flow to the filter 10 after an appropriate period of 
time. 

According to the above control, the supply of 
the microwave as the heating medium is controlled 
by accurately detecting that the particulate amount 
has reached a predetermined level. Therefore, a 
reliable filter regeneration performance is realized. 

The detection of the particulate amount is con- 
ducted in a predetermined cycle. It is desirable to 
shorten the interval in accordance with the increase 
of the particulate amount in order to realize a more 
reliable filter regeneration. 

The filter regenerating apparatus according to 
this example detects the particulate amount by the 
use of the microwave, which is also used as the 
medium for heating the particulate. However, the 
heating medium is not limited to the microwave. 

The slit 13 may be disposed on a wall of the 
heating room 9 through which the exhaust gas 
flows out. 

The microwave generating device 12 may be 



disposed in the heating room 9 so as to be op- 
posed to the microwave detecting device 14 with 
the filter 10 therebetween. 

Figure 5 shows an essential section of another 

5 example of this invention, in which an electric heat- 
er 52 is used as the heating medium. The appara- 
tus comprises the electric heater 52, a microwave 
generating device 53 for generating a microwave 
only to detect the particulate amount according to 

10 the method described above, and a slit 13* made 
on a wall of the heating room 9 through which the 
exhaust gas flows out. An antenna 54 (equivalent to 
the antenna 37 in the previous example) for detect- 
ing the energy level of the microwave is covered 

75 with a box 55 for the purpose of preventing the 
exhaust gas from flowing out. In this construction, 
the particulate amount is detected with high preci- 
sion as in the previous example. 

The microwave can be used to heat the par- 

20 ticulate in the construction of this example. 

The filter regenerating apparatus according to 
the present invention has the following effects: 

(1) The effective dielectric factor and the dielec- 
tric loss of the filter are changed in accordance 

25 with an increase of the amount of the particulate 
scavenged by the filter. Accordingly, the change 
of the microwave characteristics in the whole 
heating room is detected based on a change of 
the energy level of the microwave coupled 

30 through the slit on the wall of the heating room. 
As a result, the amount of the particulate scav- 
enged by the filter can be detected with high 
precision. 

(2) Since the energy level of the microwave 
36 coupled through the slit having an appropriate 

size is detected, the detecting precision can be 
enhanced compared with the construction using 
an antenna which is contained or protrudes into 
the heating room. 
40 (3) Since the detecting device is provided out- 
side the heating room, the detecting device has 
sufficient protection from excessive heat and 
can be located with a higher degree of freedom. 

(4) Since the detecting device can be located in 
45 the vicinity of the wall of the heating room 

containing the filter, a special device for han- 
dling the exhaust gas leak can be eliminated. 

(5) Since the amount of the particulate is de- 
tected based on the comprehensive information 

60 on the microwave in the heating room, the heat- 
ing room can be constructed in an optimum way 
corresponding to the filter structure regardless 
of the resonant condition of the heating room. 

(6) In the case when the particulate is heated by 
55 the microwave, the signal of the same micro- 
wave can be used to detect the amount of the 
particulate scavenged by the filter. Therefore, 
the detecting precision is enhanced. 
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It is understood that various other modifications 
will be apparent to and can be readily made by 
those skilled in the art without departing from the 
scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended 
hereto be limited to the description as set forth 
herein, but rather that the claims be construed as 
encompassing all the features of patentable novelty 
that reside in the present invention, including all 
features that would be treated as equivalents there- 
of by those skilled in the art to which this invention 
pertains. 

Claims 

1. A filter regenerating device for an internal com- 
bustion engine, the filter regenerating device 
comprising: 

a heating room provided in an exhaust 
pipe for discharging an exhaust gas from the 
internal combustion engine; 

a filter, accommodated in the heating 
room, for scavenging particulate included in 
the exhaust gas; 

heat-combusting means for heat-combust- 
ing the particulate; 

microwave generating means for generat- 
ing a microwave to be supplied to the heating 
room; 

particulate amount detecting means 
for detecting an increase of an amount of the 
particulate scavenged by the filter, the par- 
ticulate amount detecting means comprising 
microwave detecting means for detecting a 
change of an amount of a surface current 
generated on a wall of the heating room in 
accordance with the microwave; and 

a control section for controlling the heat- 
combusting means based on a detection signal 
of the particulate amount detecting means. 

2. A filter regenerating device for an internal com- 
bustion engine, the filter regenerating device 
comprising: 

a heating room provided in an exhaust 
pipe for discharging an exhaust gas of the 
internal combustion engine; 

a filter, accommodated in the heating 
room, for scavenging particulate included in 
the exhaust gas; 

microwave generating means for generat- 
ing a microwave, which is supplied to the 
heating room and thus heats the particulate 
due to the dielectric loss of the particulate; 

air supplying means for supplying an 
air, for promoting a combustion of the par- 
ticulate; 

particulate amount detecting means for de- 



tecting an amount of the particulate scavenged 
by the filter, the particulate amount detecting 
means comprising microwave detecting means 
for detecting a change of an amount of a 
5 surface current generated on a wall of the 

heating room in accordance with the micro- 
wave; and 

a control section for controlling the micro- 
wave generating means and the air supplying 
10 means based on a detection signal of the 

particulate amount detecting means. 

3. A filter regenerating device for an internal com- 
bustion engine according to any one of claims 

75 1 and 2, wherein the particulate amount detect- 

ing means comprises a slit in the wall of the 
heating room and an antenna provided outside 
the heating room in the vicinity of the slit, and 
the antenna detects the change of the amount 

20 of the surface current based on a detected 

energy level of the microwave. 

4. A filter regenerating device for an internal com- 
bustion engine according to claim 3, wherein 

25 the microwave detecting means is equipped 

with a detecting circuit for converting the en- 
ergy level of the microwave detected by the 
antenna into a DC voltage. 

30 5. A filter regenerating apparatus according to 
claim 3, wherein the wall of the heating room 
has the slit in an area opposed to the filter. 

6. A filter regenerating device for an internal com- 
35 bustion engine according to any one of claims 

1 and 2, wherein the microwave generated by 
the microwave generating means has a fre- 
quency in the ISM frequency band. 

40 7. A filter regenerating device for an internal com- 
bustion engine, the filter regenerating device 
comprising: 

a heating room provided in an exhaust 
pipe for discharging an exhaust gas of the 
45 internal combustion engine; 

a tilter, accommodated in the heating 
room, for scavenging particulate included in 
the exhaust gas; 

microwave generating means for generat- 
50 ing a microwave, which is supplied to the 

heating room and thus heats the particulate 
due to the dielectric loss of the particulate; 

particulate amount detecting means for de- 
tecting an amount of the particulate scavenged 
55 by the filter, the particulate amount detecting 

means comprising a slit in the wall of the 
heating room and an antenna provided outside 
the heating room in the vicinity of the slit; and 
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a control section for controlling the micro- 
wave generating means based on a detection 
signal of the particulate amount detecting 
means. 
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